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ABSTRACT
Recently, a precise (sub-arcsecond) localization of the repeating fast radio burst (FRB) 121102 has
led to the discovery of persistent radio and optical counterparts, the identification of a host dwarf
galaxy at a redshift of z = 0.193, and several campaigns of searches for higher-frequency counterparts,
which gave only upper limits on the emission flux. Although the origin of FRBs remains unknown,
most of the existing theoretical models are associated with pulsars, or more specifically, magnetars. In
this paper, we explore persistent high-energy emission from a rapidly rotating highly magnetized pulsar
associated with FRB 121102 if internal gradual magnetic dissipation occurs in the pulsar wind. We find
that the efficiency of converting the spin-down luminosity to the high-energy (e.g., X-ray) luminosity
is generally much smaller than unity, even for a millisecond magnetar. This provides an explanation
for the non-detection of high-energy counterparts to FRB 121102. We further constrain the spin
period and surface magnetic field strength of the pulsar with the current high-energy observations. In
addition, we compare our results with the constraints given by the other methods in previous works
and would expect to apply our new method to some other open issues in the future.
Subject headings: pulsars: general – radiation mechanisms: non-thermal – stars: neutron
1. INTRODUCTION
The origin of fast radio bursts (FRBs) has been un-
der intense debate since their discovery ten years ago
(Lorimer et al. 2007; Keane et al. 2012; Thornton et al.
2013; Burke-Spolaor & Bannister 2014; Spitler et al.
2014, 2016; Champion et al. 2015; Masui et al. 2015;
Petroff et al. 2015; Ravi et al. 2016; Caleb et al. 2017).
Most of the 23 FRBs detected so far appear to be
non-repeating, and various origin models for these
kind of events have been proposed, such as col-
lapse of supra-massive neutron stars to black holes
(Falcke & Rezzolla 2014; Zhang 2014), mergers of bi-
nary white dwarfs (Kashiyama et al. 2013) or binary neu-
tron stars (Totani 2013; Wang et al. 2016), or charged
black holes (Liu et al. 2016; Zhang 2016), and so on (for
a review of observations and physical models see Katz
2016a).
However, the discovery of the only repeating FRB
121102 shed new light on its origin, since the catastrophic
event scenarios are not suitable for it (Spitler et al.
2016). The non-catastrophic models include giant flares
from a magnetar (Popov & Postnov 2013; Kulkarni et al.
2014; Katz 2016b),1 giant pulses from a young pul-
sar (Connor et al. 2016; Cordes & Wasserman 2016;
Lyutikov et al. 2016), pulsar lightning (Katz 2017a), re-
peating collisions of a neutron star, an asteroid belt
around another star (Dai et al. 2016; Bagchi 2017), and
accretion in a neutron star-white dwarf binary (Gu et al.
2016). Among these models, a rapidly rotating highly
magnetized neutron star is the astrophysical object
1 Although this model is challenged by the non-detection of an
expected bright radio burst during the 2004 December 27 giant
gamma-ray flare of the Galactic magnetar SGR 1806-20, it is still
possible to reconcile the theory with observations (Tendulkar et al.
2016).
referred to most frequently. Moreover, the proper-
ties of the host dwarf galaxy of FRB 121102, which
are consistent with those of long-duration gamma-ray
bursts (GRBs) and hydrogen-poor superluminous su-
pernovae (SLSNe), suggest the possibility that the re-
peating bursts originate from a young millisecond mag-
netar (Metzger et al. 2017). This possibility is fur-
ther supported by the location of FRB 121102 within
a bright star-forming region (Bassa et al. 2017). In ad-
dition, based on the recently discovered persistent radio
source associated with FRB 121102 and the redshift of
the host galaxy (Chatterjee et al. 2017; Marcote et al.
2017; Tendulkar et al. 2017), some constraints on the
pulsar were widely discussed (e.g. Beloborodov 2017;
Cao et al. 2017; Dai et al. 2017; Kashiyama & Murase
2017; Lyutikov 2017), but they were relaxed under the as-
sumption that FRBs are wandering narrow beams (Katz
2017b). To our knowledge, in addition to FRBs, a pul-
sar can exhibit some observational signals in other wave-
lengths. Thus, searching for high-energy counterparts to
FRB 121102 will possibly give us some hints about the
central pulsar.
A pulsar is likely to generate an ultra-relativistic
wind, and there are some observational signatures for
such a wind. The measured radio spectrum of the
Crab Nebula is naturally explained if a wind with
a Lorentz factor of ∼ 104 from the Crab pulsar is
introduced (e.g. Atoyan 1999). The wind from a rapidly
rotating highly magnetized pulsar is expected to be
Poynting-flux-dominated (Coroniti 1990; Spruit et al.
2001) or alternatively turns into electron-positron pairs
dominated above a certain radius, and then, even power-
ing a GRB afterglow is possible (e.g. Dai & Lu 1998a,b;
Dai 2004; Ciolfi & Siegel 2015; Rezzolla & Kumar
2015). The gradual dissipation of magnetic energy via
reconnection is able to accelerate electrons and then
2produce radiation (Spruit et al. 2001; Drenkhahn 2002;
Drenkhahn & Spruit 2002; Giannios & Spruit 2005;
Giannios 2006, 2008; Metzger et al. 2011; Giannios
2012; Sironi & Spitkovsky 2014; Beniamini 2014;
Kagan et al. 2015; Sironi et al. 2015).2 Recently,
Beniamini & Giannios (2017) found that this emission
could be significant in the X-ray/gamma-ray band,
which motivates us to constrain the parameters of the
pulsar, especially its spin period and surface magnetic
field strength, with the non-detection of high-energy
counterparts to FRB 121102.
The observational results that we refer to mainly
include three upper limits given by different instru-
ments for different working bands, and are summarized
below. A deep search for X-ray sources by XMM-
Newton/Chandra placed a 5σ upper limit of 4.0 ×
10−15 erg cm−2 s−1 on the 0.5− 6 keV flux (Scholz et al.
2017). The 5σ flux upper limit by Fermi-GBM is
1.0×10−7 erg cm−2 s−1 (Scholz et al. 2016; Younes et al.
2016). In addition, an energy flux upper limit of 4.0 ×
10−12 erg cm−2 s−1 was obtained over the eight-year span
of Fermi-LAT (Zhang & Zhang 2017; Xi et al. 2017).
The paper is organized as follows. We introduce an in-
ternal gradual magnetic dissipation model (abbreviated
as the IGMD model hereafter) of a wind from a rapidly
rotating highly magnetized pulsar and predict an emis-
sion from the wind in Section 2. Then we calculate the
radiation efficiency and constrain the spin period and
surface magnetic field strength in Section 3. In Section 4
we provide a summary and compare with previous works,
and also discuss an implication for future works.
2. EMISSION FROM A PULSAR WIND
An ultra-relativistic wind from a rapidly rotating
highly magnetized pulsar is initially Poynting-flux-
dominated (Coroniti 1990), and its magnetic energy can
be converted to thermal emission and bulk kinetic energy
of the wind via internal gradual magnetic dissipation
due to reconnection in the IGMD model (Spruit et al.
2001; Drenkhahn 2002; Drenkhahn & Spruit 2002;
Giannios & Spruit 2005). In addition, we also expect to
observe non-thermal synchrotron emission from the elec-
trons accelerated by magnetic reconnection (Beniamini
2014; Sironi & Spitkovsky 2014; Kagan et al. 2015). At a
given radius, the Poynting-flux luminosity could be writ-
ten as (Giannios & Spruit 2005; Beniamini & Giannios
2017)
LB = c
(rB)2
4π
= Lsd
[
1−
Γ(r)
Γsat
]
, (1)
where B and Γ(r) are the magnetic field strength and
Lorentz factor of the wind at radius r respectively. The
energy injection luminosity of the wind is assumed to
be the spin-down luminosity Lsd and Γsat is the bulk
Lorentz factor of the wind at the saturation radius
given by rsat = λΓ
2
sat/(6ǫ) = 1.7 × 10
15Γ2sat,4(λ/ǫ)8 cm
(Beniamini & Giannios 2017), where λ ∼ cP = 3 ×
2 This kind of gradual dissipation of magnetic energy via re-
connection in these references is different from an abrupt and vio-
lent dissipation process arising from colliding shells in the internal-
collision-induced magnetic reconnection and turbulence model pro-
posed by Zhang & Yan (2011). This model can account for the
main properties of GRBs themselves.
107P−3 cm is the wavelength of the magnetic field in the
striped wind configuration (Coroniti 1990; Spruit et al.
2001; Drenkhahn 2002; Drenkhahn & Spruit 2002) and
ǫ ∼ 0.1 − 0.25 is the ratio of reconnection velocity to
the speed of light (Lyubarsky 2005; Guo et al. 2015;
Liu et al. 2015). Throughout this work, we use the nota-
tionQ = 10xQx in cgs units. Since the comoving temper-
ature decreases as T ′ ∝ r−7/9, the thermal luminosity de-
creases as Lth(r) ∝ r
−4/9 (Giannios & Spruit 2005), sub-
stituting the energy dissipation rate dE˙ = −(dLB/dr)dr;
then the total thermal photospheric luminosity can be
obtained by integrating from the initially launching ra-
dius to the photospheric radius rph (Giannios & Spruit
2005; Beniamini & Giannios 2017),
Lph=
∫ rph
0
1
2
(
r
rph
)4/9
dE˙
=2.6× 1047L
6/5
sd,50Γ
−1
sat,4
(
λ
ǫ
)
−1/5
8
erg s−1 sr−1,(2)
with the temperature being3
Tph = 95L
1/10
sd,50Γ
1/4
sat,4
(
λ
ǫ
)
−7/20
8
keV, (3)
where rph can be obtained by setting the Thomson scat-
tering depth τ(rph) = 1, which gives rph = 3.0 ×
109L
3/5
sd,50Γ
−1
sat,4(λ/ǫ)
2/5
8 cm (Beniamini & Giannios 2017).
Furthermore, in order to obtain the synchrotron spec-
trum, we need to calculate the relevant break frequencies.
The acceleration timescale due to magnetic reconnection
is tacc = (γemec
2)/(qǫB′c) (Giannios 2010), where q is
the electron charge and B′ is the comoving magnetic
field strength of the wind, while the synchrotron cool-
ing timescale is tsyn = (6πmec)/(σTB
′2γe), where σT
is the Thomson scattering cross-section. Thus, letting
tacc = tsyn gives the maximum Lorentz factor of elec-
trons,
γmax =
(
6πqǫ
σTB′
)1/2
. (4)
Correspondingly, the maximum synchrotron frequency in
the observer’s rest-frame is
νmax =
1
1 + z
Γγ2max
qB′
2πmec
. (5)
The minimum Lorentz factor γm depends on the
spectrum of electrons. PIC simulations suggest
that the accelerated electrons, through reconnection,
could have a power-law distribution with an index p
(Sironi & Spitkovsky 2014; Guo et al. 2015; Kagan et al.
2015; Werner et al. 2016), where p = 4σ−0.3 is adopted
in accordance with previous numerical results, where σ
is the magnetization parameter. If p < 2, we can simply
assume γm ≃ 1. For p > 2, the minimum Lorentz factor
is (Beniamini & Giannios 2017)
γm =
p− 2
p− 1
ǫe
2ξ
σ(r)
mp
me
, (6)
3 Note that the coefficient and indexes derived in Equation (3)
are different from those of Beniamini & Giannios (2017).
3where ǫe ∼ 0.2 is the fraction of the dissipated energy
per electron and ξ ≃ 0.2 is the fraction of the electrons
accelerated in the reconnection sites (Sironi et al. 2015).
The typical synchrotron frequency is then
νm =
1
1 + z
Γγ2m
qB′
2πmec
. (7)
In addition, the cooling frequency is (Sari et al. 1998)
νc =
1
1 + z
72πemec
3Γ3
σTB′
3r2
. (8)
Letting νm = νc, we can obtain the radius rtr at which
the transition from fast cooling to slow cooling happens.
For rph < r ≤ rtr and no synchrotron self-absorption
(SSA), the electrons are in the fast-cooling regime for
which the spectrum is (Sari et al. 1998)
Lsynν =


Lsynν,max(ν/νc)
1/3 if ν < νc,
Lsynν,max(ν/νc)
−1/2 if νc < ν < νm,
Lsynν,max(νm/νc)
−1/2(ν/νm)
−p/2 if νm < ν < νmax,
(9)
where
Lsynν,max = (1 + z)
mec
2σTΓB
′Ne(r)
3q
, (10)
with Ne(r) being the total number of emitting electrons
in the wind at r. For rtr ≤ r ≤ rsat, the electrons turn
into the slow-cooling regime and the spectrum becomes
(Sari et al. 1998)
Lsynν =


Lsynν,max(ν/νm)
1/3 if ν < νm,
Lsynν,max(ν/νm)
−(p−1)/2 if νm < ν < νc,
Lsynν,max(νc/νm)
−(p−1)/2(ν/νc)
−p/2 if νc < ν < νmax.
(11)
However, the SSA effect might play a role, and its fre-
quency νa and corresponding electron Lorentz factor γa
satisfy
2ν2a
c2
γaΓmec
2πr
2
Γ2
=
Lsynνa
(1 + z)3
, (12)
where
νa =
1
1 + z
Γγ2a
qB′
2πmec
. (13)
At rph, usually νa > νc, and then at a radius rcr, νa
crosses νc. Since the spectrum below νa is Lν ∝ ν
11/8
(Granot & Sari 2002), the whole synchrotron spectrum
can be written as follows. Initially, for rph < r ≤ rcr,
Lsynν =


Lsynνa (ν/νa)
11/8 if ν < νa,
Lsynνa (ν/νa)
−1/2 if νa < ν < νm,
Lsynνa (νm/νa)
−1/2(ν/νm)
−p/2 if νm < ν < νmax.
(14)
Furthermore, for rcr ≤ r ≤ rtr,
Lsynν =


Lsynνa (ν/νa)
11/8 if ν < νa,
Lsynνa (ν/νa)
1/3 if νa < ν < νc,
Lsynνa (νc/νa)
1/3
×(ν/νc)
−1/2 if νc < ν < νm,
Lsynνa (νc/νa)
1/3
×(νm/νc)
−1/2(ν/νm)
−p/2 if νm < ν < νmax.
(15)
Lastly, for rtr ≤ r ≤ rsat,
Lsynν =


Lsynνa (ν/νa)
11/8 if ν < νa,
Lsynνa (ν/νa)
1/3 if νa < ν < νm,
Lsynνa (νm/νa)
1/3
×(ν/νm)
−(p−1)/2 if νm < ν < νc,
Lsynνa (νm/νa)
1/3
×(νc/νm)
−(p−1)/2(ν/νc)
−p/2 if νc < ν < νmax.
(16)
The non-thermal synchrotron spectrum can be ob-
tained by integrating the above expressions from the
photospheric radius to the saturation radius. Now we
can plot in Figure 1 the radiation spectrum of the pulsar
wind, assuming the spin period P = 5ms and the surface
magnetic field strength Bs = 10
14G. The distance in our
calculations has been implicitly assumed to be at redshift
z = 0.193, which corresponds to a luminosity distance of
972Mpc. For different parameter sets, different cases are
named in the form of “PxBsy”, with x denoting the spin
period in ms and y denoting the logarithm of the mag-
netic field strength in Gauss, where we are discussing the
P5Bs14 case. The spin-down luminosity is then
Lsd = L0
(
1 +
t
Tsd
)
−2
, (17)
where the present spin-down timescale Tsd = 2 ×
103I45B
−2
s,15P
2
−3R
−6
6 s with I being the moment of in-
ertia and R being the stellar radius, so that t < Tsd
and Lsd ≃ L0 = 3.8× 10
49B2s,15P
−4
−3R
6
6 erg s
−1 is a good
approximation. The total spectrum (solid line) in Fig-
ure 1 consists of thermal (dotted line) and non-thermal
(dashed line) components, and black upper limits are
given by high-energy observations. We can see that the
X-ray observations give the tightest constraint. Note
that P5Bs14 is a nominal parameter set. If more op-
timistic parameters (e.g. P1Bs15) are taken, the X-ray
flux of the wind is higher than the upper limit shown
in Figure 1, so the X-ray emission should be detected
by XMM-Newton/Chandra. In other words, the IGMD
model will potentially be tested if a high-energy counter-
part to any FRB is detected in the future.
The efficiency of converting the spin-down lumi-
nosity to the X-ray emission observed by XMM-
Newton/Chandra can be calculated by
ηX ≡
∫ 6 keV
0.5 keV(L
ph
ν + L
syn
ν )dν
Lsd
. (18)
For the P5Bs14 case here, we find ηX = 4.7× 10
−4.
3. CONSTRAINING PULSAR PARAMETERS
In order to be consistent with the upper limits given
by XMM-Newton/Chandra, a solid requirement could be
written as
ηXLsd . LX,lim, (19)
where LX,lim is given by the observations (assuming z =
0.193). Therefore, we need to find a relationship between
the X-ray efficiency and the spin-down luminosity. We
choose three different spin periods (P = 1, 3 and 5ms)
and three different field strengths (Bs = 10
14, 1015, and
1016G), so that there are nine cases. The nine efficiencies
41015 1016 1017 1018 1019 1020 1021 1022 1023 1024
ν (Hz)
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
νL
ν
(e
rg
·s
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Fig. 1.— Radiation spectrum of a pulsar wind with internal grad-
ual magnetic energy dissipation, assuming a spin period P = 5ms
and surface magnetic field strength Bs = 1014 G. The total
spectrum is represented by the solid line, which consists of the
thermal component (dotted line) and the synchrotron emission
(dashed line). Three upper limits in black are given by XMM-
Newton/Chandra, Fermi-GBM and Fermi-LAT respectively.
1044 1045 1046 1047 1048 1049 1050 1051 1052
Lsd (erg · s−1 )
10-4
10-3
10-2
10-1
η X
Fig. 2.— Dependence of ηX on the spin-down luminosity Lsd.
Different symbols are used to differentiate the surface magnetic
field strength: circles, squares and triangles are for Bs = 1014, 1015
and 1016 G respectively.
are obtained in the same way as described in the previous
section. In Figure 2 we plot the dependence of ηX on Lsd
and fit it with a polynomial. The best fit is expressed as
log ηX = −0.007794(logLsd)
2 + 0.9829 logLsd − 31.71.
(20)
Substituting into the requirement (19), we can get the
critical spin-down luminosity Lsd,cr = 8.68×10
44 erg s−1,
which is obtained by letting ηXLsd = LX,lim. There-
fore, the requirement Lsd < Lsd,cr gives a constraint on
the spin period and field strength of the pulsar, which is
shown in Figure 3. The parameter space below the solid
line is excluded by the observations.
We next consider the effect of the wind’s saturation
10-2 10-1 100 101
Bs (10
15 G)
100
101
102
103
P
(m
s)
Fig. 3.— Constraint on the spin period and surface magnetic
field strength of a pulsar obtained from the requirement (19). The
reasonable parameter space lies above the solid line.
1044 1045 1046 1047 1048 1049 1050 1051 1052
Lsd (erg · s−1 )
10-5
10-4
10-3
10-2
10-1
η X
Fig. 4.— Influence of different Γsat on the dependence of ηX on
Lsd. The solid line is the same as in Figure 2, while the dashed
line is for Γsat = 103 and the dotted line is for Γsat = 105.
10-2 10-1 100 101
Bs (10
15 G)
100
101
102
103
P
(m
s)
Fig. 5.— Three constraints obtained for three values of Γsat. The
red solid line is the same as in Figure 3, while the blue dashed line
is for Γsat = 103 and the green dotted line is for Γsat = 105.
5Lorentz factor (Γsat) on the efficiency. To our knowl-
edge, the saturation Lorentz factor Γsat depends on
the initial magnetization parameter (σ0) in the form
of Γsat = σ
3/2
0 (Drenkhahn 2002; Drenkhahn & Spruit
2002; Giannios & Spruit 2005; Beniamini & Giannios
2017). For a Poynting-flux-dominated outflow, the ef-
ficiency of converting magnetic energy to radiation is ex-
pected to rely on the magnetization parameter. This
issue is worth investigating from a theoretical point of
view, since it will help study the properties of a Poynting-
flux-dominated outflow and then reveal the mystery of a
central engine. In addition to the canonical Γsat = 10
4
assumed above, here we choose the other two values
of 103 and 105 and thus new efficiencies are obtained.
Strong dependence of ηX on Γsat is shown in Figure 4,
implying that lower magnetized outflows are more effi-
cient at converting magnetic energy to radiation. The
critical spin-down luminosities in the cases of Γsat = 10
3
and 105 are Lsd,cr = 8.24× 10
43 and 1.63 × 1046 erg s−1
respectively, and the corresponding constraints on P and
Bs are shown in Figure 5. It is the Γsat = 10
3 case that
places the most stringent constraint on the pulsar pa-
rameters.
4. CONCLUSIONS AND DISCUSSION
In this work we have assumed a rapidly rotating highly
magnetized pulsar as the origin of FRB 121102 and con-
strained its spin period and magnetic field strength with
upper limits given by current multi-wavelength observa-
tions. The magnetic energy dissipation in an isotropic
pulsar wind should produce notable emission in the X-
ray band. The non-detection by XMM-Newton/Chandra
implies that the spin-down luminosity should be less than
a critical value Lsd,cr. We derived the efficiency of con-
verting the spin-down luminosity to X-ray luminosity
(ηX) and obtained its dependence on Lsd. This effi-
ciency depends strongly on the saturation Lorentz factor
of the wind, or more intrinsically speaking, on the ini-
tial magnetization parameter of the wind. Outflows with
a higher magnetization convert less energy to radiation.
The reason for this is that the synchrotron emission turns
from the fast-cooling regime to the slow-cooling regime as
σ0 increases, which is consistent with the conclusion by
Beniamini & Giannios (2017). Thus, for the three cases
considered in this work, it is the Γsat = 10
3 case gives
the most stringent constraint on the pulsar parameters.
The method of using high-energy data to constrain some
of the model parameters is relevant for newborn pulsars
with ages younger than Tsd, which is not the case for any
known Galactic magnetar (Tendulkar et al. 2016)4. Also,
the IGMD model is not easily tested with the current ob-
servations of pulsar wind nebulae (PWNe)5. However, it
will be testable with observations of GRBs or SLSNe,
4 Note that very bright, high-energy emission from internal mag-
netic dissipation in the wind cannot last for a very long time. In
fact, its luminosity will decay significantly after the initial spin-
down timescale of a newborn rapidly rotating highly magnetized
pulsar. At later times, an additional dominant emission could arise
from an interaction of the wind with its ambient medium or super-
nova ejecta (for reviews see Gaensler & Slane 2006; Slane 2017).
5 Actually, we have compared the IGMD model to observa-
tions of the present Crab nebula by taking the parameters of the
Crab pulsar. With a distance of 2.2 kpc, Bs = 4 × 1012 G, and
P = 33ms, the predicted flux (∼ 10−11 erg cm−2 s−1 at 5 keV)
of the high-energy emission from internal magnetic dissipation
which are driven by newborn millisecond magnetars. In
particular, this model will be possibly tested if the asso-
ciation of an FRB with a GRB or an SLSN is detected
in the future.
We note that several works have placed limits on the
pulsar scenario, but most of these limits were obtained
from the observations of the persistent radio counter-
part to FRB 121102. For instance, Kashiyama & Murase
(2017) studied the emission from a PWN in the frame-
work of the “burst-in-bubble” model (Murase et al.
2016). With its application to the quasi-steady ra-
dio counterpart, they constrained the spin period and
the magnetic field strength of the young pulsar by the
minimum energy requirement for the PWN. The model
in Dai et al. (2017) differs from Kashiyama & Murase
(2017) in a way that they considered a PWN without
surrounding supernova ejecta and thus new constraints
on the wind luminosity and the ambient medium den-
sity were obtained. Moreover, the age of the pulsar can
be constrained by radio observations (Beloborodov 2017;
Metzger et al. 2017) and by other fair arguments like dis-
persion measures (Cao et al. 2017; Kashiyama & Murase
2017). Lyutikov (2017) argued that the energy source
for FRB 121102 can also be constrained. In our pa-
per, we focus on the X-ray-to-gamma-ray follow-up ob-
servations of FRB 121102 and our new constraints on
P and Bs are generally consistent with previous works
(Cao et al. 2017; Dai et al. 2017; Kashiyama & Murase
2017; Lyutikov 2017).
The difference between our work and Zhang & Zhang
(2017) lies not only in the selected upper limits, but
also in the methods of calculation. Instead of simply
assuming a constant radiation efficiency, we start from
the realistic IGMD model of a pulsar wind and the ef-
ficiency is obtained in a more physical way. Determin-
ing the radiation efficiency has been a key issue for the
Poynting-flux-dominated outflow in the previous studies,
especially in the GRB field (e.g. Beniamini et al. 2015,
2016; Beniamini & Giannios 2017). The method we de-
veloped in this work could be applied to various situ-
ations, and constraining the parameters of the pulsar
origin of FRB 121102 is just one of them. More com-
prehensive work could be done with our method, such
as applying it to short GRBs, magnetar giant flares, and
even some black-hole accreting systems. These studies
will appear elsewhere.
We thank Yun-Wei Yu, Bing Zhang, and an anonymous
referee for helpful comments. This work was supported
by the National Basic Research Program of China (973
Program grant 2014CB845800) and the National Natural
Science Foundation of China grant 11573014.
is far below the observed X-ray-to-gamma-ray flux of the Crab
nebula (∼ 10−8 erg cm−2 s−1 at 5 keV; for a recent review see
Bu¨hler & Blandford 2014). Therefore, the observed X-ray flux of
the Crab nebula is dominated by the emission from shocks (in par-
ticular, a terminative reverse shock) produced by an interaction of
the pulsar wind with its ambient gas.
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